A mass of traces of human activities show rich dynamic patterns. In this article, we comprehensively investigate the dynamic patterns of 50 thousands of researchers' activities in Sciencenet, the largest multi-disciplinary academic community in China. Through statistical analyses, we found that (i) there exists a power-law scaling between the frequency of visits to an academic forum and the number of corresponding visitors, with the exponent being about 1.33; (ii) the expansion process of academic forums obeys the Heaps' law, namely the number of distinct visited forums to the number of visits grows in a power-law form with exponent being about 0.54; (iii) the probability distributions of time intervals and the number of visits taken to revisit the same academic forum both follow power-laws, indicating the existence of memory effect in academic forum activities. On the basis of these empirical results, we propose a dynamic model that incorporates the exploration, preferential return with memory effect, which can well reproduce the observed scaling laws.
I. INTRODUCTION
It has been deemed that complicated factors are affecting the dynamic patterns of human activities, such as the priority of task [1] [2] [3] [4] , individual interest [5] [6] [7] , memory effects [8] [9] [10] [11] [12] [13] , deadline effects [14] , social contacts [15] [16] [17] [18] , and so on. Relevant practical applications range from information spreading [19] [20] [21] [22] , decision making [23] to advertising [24, 25] and recommendation [26] [27] [28] .
Although large amounts of empirical results on human dynamics have been reported in various fields [15, [29] [30] [31] [32] , researchers' activities in academic forums are rarely investigated and still not clearly understood as they usually accompanies with many endogenous and exogenous factors, including the individual preference and professional background, the quality of a forum, the content of a post, and so on. To fill this gap, we study a data set sampled from Sciencenet (http://www.sciencenet.cn/) that contains the academic forum activities of many Chinese researchers. We observe novel dynamic patterns characterized by the following statistical features: (i) the powerlaw relation between the frequency of visits to an academic forum and the number of corresponding visitors; (ii) the Heaps' law [33] in the expansion process; (iii) the memory effect. We further propose a dynamic model that well reproduces the empirical observations.
II. EMPIRICAL RESULTS
Sciencenet is the largest multi-disciplinary academic community in China, which contains a blog system, a bulletin board system (BBS, consisting of 60 academic forums), and a virtual social network of researchers. Our data set keeps track of activities in the BBS between October/1/2007 and July/7/2011, composed of 366,524 records from 49,578 researchers. Each record includes researcher ID, academic forum ID, posting/reviewing topic ID, and timestamp with resolution of minute. Table I presents the names, the visiting frequencies (i.e, total visits from all researchers), and the number of visitors of the 60 academic forums, ranked in the descending order of visiting frequencies. At the aggregated level, as shown in Table I , both the number of visits and the number of visitors are heterogeneously distributed among forums. While at the individual level, the visiting behavior is also heterogeneous, indicated by the burstiness that a visitor usually stays in a forum for long time and then glances over several forums. Figure 1 illustrates the transition process of two example visitors, with visiting sequences shown in the first rows of Fig. 1 (c) and 1(d). Figure 2 shows the transition process of a typical real visitor, with two different As shown in Fig. 3 , there is a superlinear correlation between the number of visits to a academic forum (denoted by F ) and the number of corresponding visitors (denoted by P ), as F ∼ P γ with γ ≈ 1.33. This superlinear relationship maybe resulted from two reasons. Firstly, the forum that attracts more visitors is usually of higher quality, namely a post in this forum can attract a higher fraction of visitors in average. Secondly, many visits are induced by some previously comments and replies [34] , in particular, visitors often care much about the replies to their own posts and comments. Such social cascading process may lead to a superlinear growing trend since the maximum possible volume of social interaction is of the order P 2 . The expansion process of a visitor can be described by the number of distinct visited forums S(n), where n is the number of visits of this visitor. Taking visi- tor #1 in Fig. 1 as an example, his visiting sequence is {A,B,B,A,C,D,A,A,A,A}, and the corresponding S(n) sequence is {1, 2, 2, 2, 3, 4, 4, 4, 4, 4}, as shown in the second row of Fig. 1(c) . The activity level is a key feature of an user [32] , which may affect the expansion process. Here we use the total number of visits N i to quantify the activity level of user u i . As shown in Fig. 4(a) , the distribution of users' activity levels is very heterogeneous, following a power law with exponent about 2.02, in accordance with the empirical results in other online activities [32] . In common sense, users with different activity levels may behave differently, hence we pick out three groups of visitors whose visits are more than 20, 50 and 100 times, respectively. Their expansion sequence S(n) in respect to the number of visits n is presented in Fig. 4(b) , suggesting a robust scaling behavior S ∼ n α , with the power-law exponent α ≈ 0.54, similar to some observations in human mobility [35, 36] .
To see the preference to visit a new forum, we look at the exploration sequence ∆S(n) = S(n + 1) − S(n). Simple examples about the calculation of ∆S(n) are shown in Fig. 1(c) and 1(d) . As shown in Fig. 5(a) , the rescaled exploration ∆S(n) ∆S(n) scales in a power-law form with the number of visits, as ∆S(n) ∆S(n) ∼ n −β , where β ≈ 0.50 and the rescaling factor ∆S(n) is averaged over all visitors in the considered group. The result confirms the scaling behavior found in expansion process since α + β ≈ 1. Given the target visitor, if we denote P new the probability to visit a new forum and 1 − P new the probability to return to a previously visited forum, then the above result suggests a scaling relation P new ∼ pn −β , where p is a constant. Figure 5 Memory is a very significant feature of human activities [5, 7-13, 32, 37] , which can be characterized by the probability distribution of the real time interval τ between two consecutive visits to the same forum or the number of visits ∆n taken to revisit the same forum. For example, ∆n for the forum B in the visiting sequence of visitor #2 are 6 and 3, as shown in Fig. 1(d) . More examples for both τ and ∆n can be found in Fig. 1(c) and  1(d) . Figure 6 reports the probability distributions of τ and ∆n of the three groups of visitors. Both P (τ ) and P (∆n) can be well fitted by power laws with exponents being 1.88 and 1.89, respectively. Such distributions suggest the existence of the memory effect since a visitor has higher probability to return to recently visited forums.
III. MODEL
The above-mentioned empirical results provide us insights to the dynamic patterns of visiting to academic forums. In particular, the memory effect assigns higher probability to a visitor to return to the forums being visited recently. Accordingly, we propose a model incorporating three generic ingredients: (i) the exploration, indicating the tendency to visit a new forum; (ii) the preferential return, indicating the tendency to visit a previously visited forum, with frequently visited ones being more attractive; (iii) the memory effect, indicating the tendency to revisit a recently visited forum. Notice that, the preferential return can be mathematically considered as a kind of memory with infinite memory length, however, we distinguish it from memory effect since the preferential return may be resulted from the quality of a forum and the match between the forum's content and the visitor's professional background. Figure 7 (a) illustrates a schematic for the individual dynamic model. More specifically, after the nth visit, the target visitor has two choices for the next visit: (i) to visit a new academic forum with probability P new that depends on the number of previous visits n; (ii) to revisit one of the S(n) previously visited forums with the complementary probability (1 − P new ). If the visitor visits a new forum at the (n + 1)th visit, the expansion sequence updates as S(n + 1) = S(n) + 1, otherwise it keeps S(n + 1) = S(n). Initially, S(1) = 1, and the probability P new evolves as
In our model, the parameter β = 0.50 is obtained from the empirical scaling exponent for the case N ≥ 20 (see Fig. 5(a) ), while the parameter p = 0.41 is estimated from the mean value of p for the case N ≥ 20 (see Fig. 5(b) ). When considering the return to a visited forum, we combine preferential return and memory effect into a unified probability. The preferential return indicates that every visit to a forum will contribute to the probability to revisit this forum, while the memory effect suggests a power-law decay of the contribution strength. Given a forum i, if it appears f i times in the target visitor's visiting sequence, we denote the discrete time interval between the jth appearance to the current time step (n+1)
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where
is the very time step when i just appears j times. As discussed above, every visit will be counted but the contribution decays with the length of time interval, so the probability to visit the forum i is
where Γ u is the set of forums being visited by the target user u, and the decaying factor ξ ≈ 1.89 is estimated from Fig. 6(b) . The validation of the individual dynamic model is demonstrated in Fig. 7 (b) and 7(c), from which one can see that the numerical results consist well with the empirical scaling behaviors for both expansion and revisit.
IV. CONCLUSION
In this paper, we comprehensively investigate the dynamic patterns of researchers' academic forum activities in Sciencenet. We show a power-law scaling between the frequency of visits to an academic forums and the number of corresponding visitors, which is similar to the allometric scaling law found in biology systems [39, 40] . Meanwhile, at the individual level, the number of distinct visited forums S(n) increases with the number of visits n in a power-law behavior, obeying the well-known Heaps' Law [41, 42] , which is also similar to the previous studies on portal browsing activity and human mobility [35, 36] . The memory effect in academic forum activity is unveiled by the power-law distributions of the real time interval τ and the number of visits ∆n taken to revisit the same academic forum.
Inspired by these empirical results and a previous theoretical model [35] , we propose a dynamic model, incorporating with the exploration of new academic forums and the preferential return with memory effect. Through extensively experimental testing, the numerical results from this dynamic model agree well with the empirical observations, suggesting its validation. We have also checked that the lack of each of the three ingredients will lead to huge deviation from the real statistics.
